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DRAI NAGE LAYERS FOR PAVEMENTS

1. Purpose. This |etter updates guidance for design and
construction of subsurface drainage features for Arnmy and Air
Force pavenents. The gui dance supersedes that portion of the

gui dance provided in TM 5-820-2/ AFM 88-5, Chapter 2 for design of
subsurface drainage | ayers in pavenents (Chapter 6) and provides
gui dance for all pavenents |located in both frost and nonfrost
areas. The use of the guidance for flexible pavenent roads,
streets, or parking areas having a structural thickness |ess than
8 in. is optional.

2. Applicability. This letter is applicable to all HQUSACE

el emrents, nmmj or subordi nate commands, districts, |aboratories and
field operating activities (FOQA) having Arny and Air Force
mlitary construction design responsibility.

3. Ref er ences.

a. TM 5- 818- 2/ AFM 88- 6, Chap. 4, Pavenment Design for
Seasonal Frost Conditions.

b. TM 5- 820- 2/ AFM 88-5, Chap. 2, Drainage and Erosion
Control: Subsurface Drainage Facilities for Airfields.

C. TM 5-822- 2/ AEM 88-7, Chap. 5, General Provisions and
Ceonetric Design for Roads, Streets, Wil ks, and Open Storage
Ar eas.

d. TM 5- 822-5/ AFM 88- 7, Chap. 3, Flexible Pavenent for
Roads, Streets, Wal ks, and Open Storage Areas.

e. TM 5- 822-6/ AFM 88-7, Chap. 1, Rigid Pavenents for
Roads, Streets, Wal ks, and Open Storage Areas.

f. TM 5- 825- 2/ AFM 88- 6, Chap. 2, Flexible Pavenent Design
for Airfields.

: TM 5- 825- 3/ AFM 88-6, Chap. 3, Rigid Pavenents for
Airfields.

4, Background. Research conducted at the US Arny Engi neer
Wat erways Experinment Station (WES), The Construction Engi neering
Research Laboratories (CERL), and the Cold Regi ons Research and
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Engi neeri ng Laboratory (CRREL) has shown that bases and subbases
for mlitary pavenents constructed to neet Corps of Engineers
density and gradation criteria are virtually inperneable. 1In a
study conducted for CERL, M. Harry R Cedergren concl uded that
nmost airfield pavenents have poor subsurface drai nage and t hat
joint and surface sealing and repair prograns are not able to
keep surface water out of the structural sections. Based on
extensive literature reviews and field surveys, it has been found
that the perneability of a good drainage | ayer should be in the
order of 1,000 to 10,000 ft/day. To ensure mlitary pavenents
have adequate drainage, the criteria provided in the enclosed
techni cal guidance is to be used for design and construction of
subsurface drai nage aspects of pavenents.

5. Action to be Taken. The guidance in Enclosures 1 and 2
shoul d be used for design and construction of the subsurface
drai nage layers for all Arny and Air Force pavenents.

FOR THE DI RECTOR OF M LI TARY PROGRAMS:

,4/4 (2o
Encl s ')RICHARD C. ARMSTRONG, P.E.

~Chief, Engineering Division
Directorate of Military Programs
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TECHNI CAL GUI DANCE FOR DESI GN OF THE SUBSURFACE
DRAI NAGE FOR M LI TARY PAVEMENTS
1. Introduction. Except in frost areas, the current design criteria for

mlitary pavenents, as given in Th 5-822-S/ AFM 88-7, Chap. 3; TM 5-822-2/

AFM 88-7, Chap. 5; TM 5-825-3/AFM 88-6, Chap 3; and Th 5-825-2/ AFM 88-6

Chap. 2, are based on the assunption that the base and subbase layers will be
adequately drained, i.e., the criteria do not consider damage because of free
water at |ayer interfaces nor for a loss of material strength caused by pore
pressures induced by traffic. To ensure adequate subsurface drai nage, mgjor
changes to the criteria for design of subsurface facilities (TM 5-820-2/

AFM 88-5, Chap. 2 and TM 5-818-2/ AFM 88-6, Chap. 4) are being inpl emented.
The changes invol ve nodi fying the gradation for base materials, requiring a
drai nage | ayer for nost pavenents, adding procedures for design of the drain-
age layers, limting the time for drai nage of the base, and supersedes the
gui dance in TM 5-818-2/ AFM 88-6 for a free draining base in frost areas.

2. Definitions.
a. Drai nage Layer. A drainage layer is a layer in the pavenent

structure that is specifically designed to allow horizontal drainage of water
fromthe pavenment structure. The layer is also considered to be a structura

conponent of the pavenment and will serve as part of the base or subbase. The
drai nage layer will consist of either a rapid draining material or an open
graded material and will be designed by criteria provided in this Engi neer

Techni cal Letter(ETL).

b. Separation Layer. A separation layer is a layer provided directly
beneat h the drainage |ayer to prevent fines frominfiltrating or punping into
t he drai nage layer and to provide a working platformfor construction and
conpaction of the drainage layer. GCenerally, a minimmof 4 in. of dense-
graded aggregate material is used; however, a filter fabric can be used. The
material for the granular separation |ayer should nmeet the requirenments for a
50 CBR subbase as given in Th 5-822-5/ AFM 88-7, Chap. 3 and Th 5-825-2/

AFM 88-6, Chap. 2. The requirenments for filter fabric are given in
TM 5-820- 2/ AFM 88-5, Chap. 2.

c. Rapid Draining Material (RDM. A rapid draining material is a mate-
rial having a sufficiently high perneability (1,000 to 5,000 ft/day) to serve
as a drainage layer and will also have the stability to support construction
equi prent and the structural strength to serve as a base and/or a subbase.
Gradation limts for the RDM are given in Table 1, and the design properties
are given in Table 2. To ensure adequate stability and strength, the unifor-
mty coefficient (C~) of the RDM should be greater than 3.5

d. Open Graded Material (0GW. An open graded naterial is a materia
having a very high perneability (greater than 5,000 ft/day) which may be used
for a drainage layer. Such a material will normally require stabilization for
construction stability or for structural strength to serve as a base in a

Encl osure 1 1
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flexible pavemrent. Gradation limts for the OGMare given in Table 1, and the
design properties are given in Table 2.

Table 1

Gradations of Materials for Drai nage Lavers and Choke Stone

Drainage Layer Materjal

Sieve Rapid Draining Open Graded
Designation Materijal _Material Choke Stone
1-1/2 in. 100 100 100
1 in. 70-100 95-100 100
3/4 in. 55-100 -- 100
1/2 in. 40-80 25-80 100
3/8 in. 30-65 -- 80-100
No. & 10-50 0-10 10-100
No. 8 0-25 0-5 5-40
No. 16 0-5 -- 0-10
Table 2

Properties of Materials for Drai nage Layers

Rapid Draining Open Graded

Property Material —Material
Permeability 1,000-5,000 >5,000
ft/day
Effective Porosity 0.25 0.32
Percent Fractured 90% for 80 CBR 90% for 80 CBR
Faces (COE method) 75% for 50 CBR 75% for 50 CBR
Cy >3.5 --
LA Abrasion <40 <40

Note: C, is the uniformity coefficient = Dgy/Dyy.
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e. Choke Stone. A choke stone is a snall size stone used to stabilize
the surface of an OGM The choke stone should be a hard, durable, crushed
aggregate having 90 percent fractured faces. The ratio of Djof the coarse
aggregate to the Djof the choke stone must be less than 5, and the ratio of
the D, of the coarse aggregate to Dy, of the choke stone nust be greater than
2. The gradation range for acceptable choke stone is given in Table 1.
Meeting the requirements of a choke stone would be either the ASTM No. 8 or
ASSHO No. 9 stone.

f. Coefficient of Perneability. The coefficient of permeability is a
nmeasure of the rate at which water passes through a unit area of material in a
gi ven anopunt of time under a unit hydraulic gradient.

g. Effective Porosity. The effective porosity is defined as the ratio
of the volunme of voids that will drain under the influence of gravity to the
total volume of a unit of aggregate. The difference between the porosity and
the effective porosity is the amount of water that will be held by the aggre-
gate. For materials such as the RDM and OCM the water held by the aggregate
will be small; thus, the difference between the porosity and effective poros-
ity will be small (less than 10 percent). The effective porosity may be esti-

mat ed by conmputing the porosity fromthe unit dry weight of the aggregate and
the specific gravity of the solids which then should be reduced by 5 percent
to allow for water retention on the aggregate.

h. Stabilization. Unless experience indicates otherw se, stabilization
of OGMis required for stability and strength, and for preventing degradation
of the aggregate in handling and conpaction. Stabilization may be accom
pli shed nechanically by use of a choke stone or by the use of a binder such as

asphalt or cement. The choke stone will be used only with the OGH and will be
referred to as a choked OGM The asphalt or cenent may be used with the OGMV
and will be referred to as an asphalt or cenent stabilized OGM Stabilization

of the CGMis acconplished by using only enough asphalt or cement paste
required to coat the aggregate. Care should be taken so that the voids are
not filled by excess stabilizer. The stabilization material predom nantly
used is asphalt cenent (AC-20) at 2 to 2-1/2 percent (by weight) for the OGH
Hi gher asphalt cenment percentages are required when a | ess open graded mate-
rial is used. For exanple, New Jersey's asphalt cenment stabilized perneable
base gradation requires 3 percent asphalt cenent to coat the aggregates. For
addi ti onal asphalt stabilized perneable base stability, a stiffer asphalt
cement, such as an AC-40, should be used. Portland cenent at 1-1/2 to 3
bags/cu yd has al so been used. As with asphalt cement stabilized perneabl e
base, the amount of portland cenent per cubic yard will depend on the voids
and surface area of the aggregate in the permeable material. For exanple,
California uses not less than 282 |Ib of portland cenent per cubic yard with a
wat er-cenent ratio of 0.37. The perneability of this material is approxi-
mately 4,000 ft/day. Whereas, Wsconsin with a nore open material (perneabil -
ity approxi mately 10,000 ft/day) has found that 200 | b of portland cenment per
cubic yard and a water-cenent ratio of 0.37 provide adequate strength, dura-
bility, and stability.
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i Degree of Drainage. The degree of drainage is the ratio of water
that has drained froma material to total anpunt of water that the material is
capabl e of hol di ng.

3. Drainage Criteria.

a. Concepts. For pavenents in nonfrost areas and having a subgrade with
a permeability greater than 20 ft/day, one can assune that the vertical drain-
age will be sufficient such that no drainage layer is required. Also, flexi-
bl e pavenents in nonfrost areas and having a total thickness of 8 in. or less
are not required to have a drainage |ayer. For pavenments requiring drai nage
| ayers, the design of the drainage |ayer shall be based on the prem se that
the capacity of the drainage |ayer should be greater than the vol une of water
entering the pavenent, and that the drainage layer, if saturated, should reach
a degree of drainage of 0.85 within 1 day after the inflow of water stops. The
degree of drainage for the drainage |ayer is defined as the volune of water
that has drained fromthe |layer over a specified tine period divided by the
total volume of water in the layer that can be drained by gravity.

b. Design Water Inflow. The subsurface drainage of the pavement is to
be designed to handle water infiltration through the pavenent from a design
stormindex for a design stormof 1 hr duration at an expected return
frequency of 2 years. For the continental United States, this can be
determ ned fromFigure 1 (taken from Th 5-820-1/AFM 88-5, Chap. 1). Cuidance
for determining the design stormfor other parts of the world is also given in
Th 5-820-1/ AFM 88-5, Chap. 1. The inflowis deternmined by multiplying the
design rainfall index CR in inches per hour) times an infiltration coefficient
F. This coefficient will vary over the |life of the pavenent dependi ng on the
type of pavenent, surface drai nage, pavenent maintenance, and structura
condition of the pavenment. Since the determ nation of a precise value of the
infiltration for a particular pavenent is very difficult, a value of 0.5 may
be assunmed for design. The value of the coefficient nay be changed based on
| ocal experience and anticipated inflow rates for a particular paverment. The
rate of water inflow (g in cubic feet per foot width of drainage path per
hour) is then computed by the equation

g-LxFx (R12) (eq 1)
wher e
L = length of the drainage path in feet
F =infiltration coefficient
R = design rainfall index in inches per hour

It should be noted that the drainage |ayer design is based only on the infil-
tration of water fromthe surface. Normally, other sources would provide
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Figure 1. Design Storm Index, l-hr Rain-

fall Intensity-Frequency Data for Conti-

nental United States Excluding Alaska

(Chart reproduced from US Weather Bureau,

Technical Paper No. 40, Rainfall Fre-

quency Atlas of The United States, Wash-
ington, DC, May 1961.)

water to the drainage |ayer but such water would be m nor and would not be a
consideration in the design of the drainage |ayer. Should ground water be
present in any substantial quantities, special provisions should be nmade to
intercept and drain the water before it reaches the drainage |ayer. The

drai nage | ayer is expected to aid in draining of water in the subbase and
subgrade caused by frost action, but this volume of water will not be consid-
ered in conputing the design water inflow.

C. Length and Sl ope of Drainage Path. The Iength of drainage path is
nmeasured al ong the slope of the drainage |layer fromthe crest of the slope to
where the water will exit the drainage layer. In sinple terns, the |length of
t he drai nage path is the maxi mum di stance water will travel in the drainage
| ayer. The length of drainage path (L) in feet may be conputed by the
equati on

2 2
L XVt i, (eq 2)

i,

wher e

X =the length in feet of the transverse slope of the drainage |ayer

5
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the transverse slope of the draining |ayer
t he I ongitudi nal slope of the drainage |ayer

The slope (i) of the drainage path may be conputed by the equation

1=yl el . (eq 3)

d. Capacity of Drainage Layer. The capacity of the drainage layer (Qin
cubic feet per foot width of pavenent) is conputed based on the effective
porosity (n~) and the volune of water draining fromthe drai nage | ayer during
the 1 hr of water inflow. Since the criterion is for a degree of drainage of
0.85 within 24 hr, it is to be assuned that only 85 percent of the voids wll
be available for storage of water. Thus, the capacity of the drainage |ayer
may be conmputed by the equation

Q= (0.85 (n) (H (L) + (k/24) (t) (i) (H/2 (eq 4)

wher e

Q = capacity of the drainage layer in cubic feet/feet

n. = effective porosity

H = thi ckness of the drainage |ayer in feet

L = length of the drainage path in feet

k = perneability of the drainage layer. in feet/day

t =1 hr (length of design storm

i =

sl ope of the drainage path in feet/foot

e. Thi ckness of Drainage Layer. By setting Q- gq and substituting equa-
tions 1 and 4 for g and Q the mininumthickness in feet of the drainage |ayer
required to provide the storage capacity for a 1 hour design stormis deter-
m ned fromthe equation

H=4FRL/[40.8 n, L + ki) (eq 5)

If the term (ki) is small conpared to the term (40.8n,L) which would probably
be the case for long drainage paths (> 20 ft), then the required thickness of
t he drai nage | ayer can be estimated by deleting the term (ki) fromequation 5
or
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H=(FR/(10.2 n,) (eq 6)

The value of H obtained fromequation 6 will always be somewhat greater than
the value of H determ ned fromequation 5. |In no case should the thickness of
t he drai nage | ayer be less than 4 in.

f. Tine for Drainage. The tine for drainage of the drainage layer is a
function of effective porosity, length of the drai nage path, thickness of the
drai nage | ayer, slope of the drainage path, and perneability of the drainage
layer. This function has been solved in terns of tine factor TF and a parame-
ter m The tine factor is obtained fromFigure 2 as a function of the param
eter s which is deternmined by the equation

s = Li/(H) (eq 7)

After determining the tine factor TF from Figure 2, the tine required to
obtain a degree of drainage of 0.85 is conputed from

Tes = (TH(M (eq 8)

wher e

Tes = time in days required to obtain a degree of drainage of 0.85
m = a paraneter defined as

(ne L)/ (k H (eq 9)

g. Desi gn Exanple. Assume the follow ng design parameters are appropri-
ate for a large parking lot.

The design rainfall (R) = 2.0 in.
The effective porosity (n,) = 0.2
The I ength of the drainage path (L) = 150 ft

The permeability of the drainage material (k) = 2,000 ft/day
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Figure 2. Time Factor for 85 Percent Drainage

The sl ope of the drainage path (i) = 0.01
The infiltration coefficient (F) = 0.5

First the thickness, H of the drainage |ayer required to provide the neces-
sary storage capacity is conputed by substituting into equation 5 as foll ows

H = [4(0.5)(2.0) (150)]/[40.8(0.2) (150) + (0.01) (2,000))
H=0.48 ft. or 5.8 in.

Roundi ng the conputed thickness up to the next full inch gives a design thick-

ness of 6 in. Equation 6 could have been used to estimte the thickness as
fol | ows

H=FRI10.2 n, =[(0.5) (2)]/[(10.2) (0.2)] = 0.49 ft

Agai n the thickness would round up to 6 in. The next step would be to use

Figure 2 to determine the time to obtain a degree of drainage of 0.85. Using
equation 7 the value of s is conmputed to be 3.0 and from equation 9 the val ue
of mis conputed to be 4.5. FromFigure 2 the tine factor, TF, is found to be

0.32. The time to obtain a degree of drainage of 0.85 is conputed from
equati on 8.

Tes= (TR)(M = ( 0 32) (4.5) = 1.44 days

8
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Since 1.44 days is considerably greater than the 1 day all owed by the crite-
ria, the design nmust be nodified to obtain a shorter tinme for drainage. The
paranmeter that can be changed will depend on the particul ar design situation
but for this exanple assume the design can be nodified to obtain a drainage
path of 100 ft. The thickness required for storage is found fromequation 5
to be 6 in. The s parameter for entering Figure 2 is now 2.0 which gives a
time factor, TF, of 0.5. The mparanmeter is conputed fromequation 8 to be
2.0. Equation 7 is again used to conmpute Tg.

Tes = (TFH)(M = (0.5) (2.0) = 1 day

The 1 day required for drainage neets the criteria; thus, the design would
call for a 6-in. drainage layer with a 100-ft drai nage path.

4. Pl acenment .

a. Ri gid Pavenents. |In the case of rigid pavenments the drainage |ayer,
if required, shall be placed as shown in Figure 3a directly beneath the con-
crete slab. In the structural design of the concrete slab the drainage | ayer

along with any granul ar separation |ayer shall be considered a base |ayer, and
structural benefit may be realized fromthe |ayers.

b. Flexi ble Pavenents. 1In the case of flexible pavenents the drainage
| ayer should be placed either directly beneath the surface |layer as shown in
Figure 3a or beneath a graded crushed aggregate base course as shown in Figure
3b. If the thickness of granular subbase is equal to or greater than the
t hi ckness of the drainage |ayer plus the thickness of the separation |ayer.
t he drai nage |l ayer is placed beneath the graded crushed aggregate base (Figure
3b). \Where the total thickness pavenent structure is less than 12 in., the
drai nage | ayer may be placed directly beneath the surface |layer (Figure 3a)
and the drainage | ayer woul d serve as the base. Wen a graded crushed
aggregate base is used above the drainage |ayer, care nust be taken to limt
the material passing the No. 200 sieve in the graded crushed aggregate base to
8 percent or |less. These precautions are necessary to provide adequate drain-
age and to ensure that an excess of fines will not be available to wash into
t he drai nage layer. Should a graded aggregate base not be available, then it
i s suggested that an asphalt stabilized base be used above the drai nage | ayer.
In areas where frost will penetrate the base, the base nust al so neet the
criteria in Th 5-8I8-2/AFM 88-6, Chap. 4 for a nonfrost susceptible materi al

5. Separation |ayer. The drainage | ayer nust be protected from contam nation
of fines fromthe underlying |layers by a separation |ayer to be placed
directly beneath the drainage layer. In npst cases the separation |ayer

shoul d be a graded aggregate material neeting the requirements of a 50 CBR
subbase. The m nimumthi ckness for the separation layer is 4 in. A granular
separation |ayer provides a firm foundation for conpaction of the drainage

| ayer and adds strength to the pavenent structure. For design situations
where a firmfoundation already exists and the thickness of the separation

| ayer is not needed in the structure for protection of the subgrade, a filter
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fabric may be substituted for the granul ar separation |ayer. The fabric nust
neet the requirements specified in Th 5-820-2/ AFM 88-5, Chap. 2

6. Mat eri al Properties.

a. Strength and Durability. The material for a drainage |ayer should be
a hard, durable crushed aggregate. Crushed aggregate neeting the gradation
requi rements of the RDOMw || provide sufficient stability for the drai nage
| ayer on whi ch construction equi pment such as dunp trucks, transit trucks, and
tracked pavers can operate.

b. Material Perneability. The perneability of the drainage |ayer is
primarily a function of the material gradation and density. For a given gra-
dation, it is inportant for strength considerations to obtain the maxi num pos-
sible density during conmpaction without crushing the aggregate. Thus, the
permeability is controlled by controlling the gradation. Table 2 provides
estimtes for the perneability of RDM and OCMthat are applicable to the gra-

dation of the in-place material. There should be very few design situations
requiring drainage materials having perneabilities greater than 5,000 ft/day;
thus, the OCMwi || al nost al ways neet the perneability requirements. For RDM

a permeability of 2,000 ft/day may be used for design. |If the required perne-
ability is between 2000-5000 ft/day the RDM may be used provided the RDMis
restructured to the coarse side of the gradation band. This value or |abora-
tory determined perneability value may be used as estimtes of the in-place
permeabilities until |ocal experience with construction of drainage |ayers can
establish the in-place perneabilities being obtained.

7. Const ruction.

a. Experience. Wthout properly trained personnel, construction of the
drai nage | ayer can cause problenms. Experience with highly perneabl e bases
(drai nage | ayers) both by the Corps of Engineers and various State Departnents
of Transportation indicates that pavenents containing such |ayers can be con-
structed wi thout undue difficulties provided certain guidelines are foll owed.
These gui delines are discussed bel ow

b. Pl acenent. The material for the drainage |ayer nust be placed in a
manner to prevent segregation and to obtain a layer of uniformthickness. The
materials for the drainage layer will require extra care in stockpiling and

handl i ng. Placement of the RDK and OGM is best acconplished using an asphalt
concrete paver. To ensure good conpaction, the maximumlift thickness should
be no greater than 6 in. |If choke stone is used to stabilize the surface of
OCM the choke stone is placed after conmpaction of the final lift of OCM The
choke stone is spread in a thin layer no thicker than % in. using a spreader
box or paver. The choke stone is worked into the surface of the OCM by the
use of a vibrator roller and by wetting. The choke stone remining on the
surface should not mgrate into the OCM by the action of water or traffic

11
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C. Proof Rolling. For Arny Class IV and Air Force heavy, nodified
heavy, and medium |l oad flexible airfield pavenments. proof rolling as per TM 5-
825-2/ AFM 88-6 Chap. 2, is required on the graded crushed aggregate base even
when used over a drainage |layer. Proof rolling the separation layer prior to
pl acenent of the drainage |ayer for other pavements is recommended. For other
Air Force flexible paverents and Arnmy Class |1l flexible pavenents, it is
recormended that the proof rolling be acconplished using a rubber-tired roller
with each tire loaded to 20,000 Ib or nore and inflated to at least 90 I b/ sq
in. A mnimmof six coverages should be applied where a coverage is the
application of one tire print over each point in the surface of the designated
area. For rigid pavenments and flexi ble pavenents for roads, streets, parking
lots and Class | and Il Arny airfields, proof rolling of the separation |ayer
may be acconplished using the rubber-tired roller described above or by using
a truck having tandem axles with either dual tires or super single tires. The
truck should be | oaded to provide 20,000 I b per axle. During proof rolling,
action of the separation |ayer must be nmonitored for any sign of excessive
noverment or punping that would indicate soft spots in the separation |layer or
t he subgrade. Since the successful placement of the drainage | ayer depends on
the stability of the separation |layer, all weak spots nust be renoved and
repl aced with stable material. Al replaced material nust al so be proof
roll ed as specified above.

d. Conpaction. Conpaction is a key elenment in the successful construc-
tion of the drainage layer. Conpaction control normally used in pavenent
construction is not appropriate for materials such as the RDK and OGM It is
t herefore, necessary to specify conpaction techniques and | evel of effort
i nstead of the properties of the end product. It will be inmportant to place
the drainage material in relatively thin lifts (6 in. or less) and to have a
good firm foundati on beneath the drainage material. The recommended met hod of
determ ning the required conpaction effort is to construct a test section and
closely nmonitor the aggregate during conpaction to determ ne when crushi ng of
t he aggregate appears excessive. Experience has indicated that sufficient
conpaction can be obtained by six passes or less of a 10-ton vibrator roller
Material not being stabilized with asphalt or cenment should be kept npi st
during conpaction. Asphalt stabilized materials for the drainage |ayer nust
be conpacted at a somewhat | ower tenperature than a dense-graded asphalt nate-
rial. In nost cases it will be necessary to allow an asphalt stabilized nmate-
rial to cool to |l ess than 200~ F before conpaction. After conpaction, the
drai nage | ayer should be protected from contam nation by fines from construc-
tion traffic or fromflow of surface water. It is recomrended that the sur-
face layer be placed as soon as possible after placenent of the drai nage
| ayer. Precautions nmust also be taken to protect the drainage |ayer from
di sturbance by construction equipnent. Only tracked asphalt pavers should be
al l owed for paving over any RDM or OGM that has not been stabilized. Drivers
shoul d avoid rapid accel eration, hard braking, or sharp turning on the com
pl eted drainage | ayer.

12



ETL 1110-3-435
1 May 92

e. In-place Permeability. The perneability of an RDM can easily be
reduced to an unacceptabl e | evel by over conpaction or contanination with
fines. The in-place RDM should easily accept the inflow of water w thout
pondi ng or flow ng across the surface. |In-place perneability tests for mate-
rials as open as the RDM are difficult to run but may be conducted to get
estimtes of the in-place perneability. |aboratory perneability tests may be
conduct ed, but care nust be taken to ensure that the | aboratory sanples are
representative of the in-place material. |In |laboratory tests the perneability
is normally measured in the direction of conpaction, whereas, in the drai nage
| ayer the water flow is perpendicular to the direction of conpaction. |f such
is the case, the field perneability may be an order of nagnitude hi gher than
the | aboratory perneability.

8. Collector Drains.

a. Design Flow. It is absolutely essential that all pavements having
drai nage | ayers be provided with collector systenms as specified in TM 5-820- 2/
AFM 68-S, Chap. 2, such that positive relief of water fromthe pavenment wll
be provided. The collector system should have the capacity to handle the
water fromthe drainage | ayer plus water from other sources. The volune of
wat er entering the collector systemfromthe drai nage |ayer is conputed assum
ing the drainage layer is flowing full. Thus, the volune of water (Qo) in
cubic feet per day per foot of length of collector (assum ng the drainage
layer is only on one side of the collector) would be

Q@ =Hx I xk (eq 10)
wher e
H = thi ckness of the drainage |ayer in feet
| = slope of the drainage |layer in feet/feet
k = perneability of the material in the drainage |ayer in feet/day

If the collector systemhas water entering fromboth sides, the vol une of
wat er entering the collector would be double that given by equation 10.

b. Col l ector Pipe. The collector pipe may be perforated flexible, ABS
corrugat ed pol yethyl ene or snooth rigid polyvinyl chloride pipe. The nmi ninmum
size pipe that is to be used for a collector pipeis 6 in. and the md height
of the pipe is to be located a m nimumof 12 in. below the separation |ayer.

The backfill material around the collection pipe is to an OCM (or RDM provi ded
the drain layer is RDOM and is to be protected frominfiltration of fines by a
filter fabric. |In areas where frost is predicted to penetrate to the depth of

the collector trench and differential heave would cause problens, the sides of
the trench above the depth of frost penetration shall be sloped not steeper
than 1 vertical on 10 horizontal. Typical details for

13
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installation of the collector systemare given in Figures 4, 5, 6, and 7. Note
that the details given in these figures are only typical details and should
not be taken as being mandatory. Normally, the collector pipes are to be

| ocated al ong the edge of the pavenents but for parking lots, airfield aprons,
or other pavements whi ch woul d have | ong drai nage di stances the coll ector

pi pes may be | ocated under the pavenent.

C. lateral Qutlet Pipe. |In nost installations outlet pipes to an open
ditch or stormdrains are required for the proper functioning of the collec-
tion system |In areas of frost, special consideration must be given to preven-
tion of the freezing of the outlets. It is reconmended that a nmetal or rigid
solid-wall ed pipe be used for the lateral outlet pipe to ensure the proper
grade and to prevent crushing by nowi ng operations. To ensure water does not
back into the collector system a 3 percent slope of the pipe to the ditch and
a 6-in. freeboard for the pipe invert at the outlet over the 2-year design
flowin the ditch as shown in Figure 8 are recomended.

d. Qutlet Structure. Where the collection systemoutlets on a slope as
shown in Figure 8, outlet structures are recomended to provide protection of
the outl et pipe, prevent slope erosion, facilitate the |location of outlet pipe
for maintenance, and provide rodent protection. Headwalls of the outl et
structure should be placed flush with the slope so that nowi ng operations are
not inpaired. Positive grades should be provided so that the headwal | apron
will drain. Reference markers for the outlet structure are recomended to
facilitate locating structure for mai ntenance or observation.

e. Manhol es and Cl ean-outs. The provisions of TM 5-820-2/ AFM 88-5,
Chap. 2 should be followed as to the design and installation of manhol es and
cl ean-outs.

18
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CEGS- OXXXX
(Aug 90)
DEPARTMENT OF THE ARMY CEGS- OXXXX

(August 1989)
U S. ARMY CORPS OF ENG NEERS

GUI DE SPECI FI CATI ON FOR M LI TARY CONSTRUCTI ON

SECTI ON OXXXXX
DRAI NAGE LAYER

ER I S b b I b b b S b b b S b b b b S b b S S b b S S I S Sk b b S S b b b S b b b S S b b I R R R S I b b S

NOTE: This guide specification covers the requirenments for
drainage |ayer material under roads, streets and airfield
pavenents. This guide specification is to be used in the
preparation of project specifications in accordance with ER
1110- 345-720.

ER I S b b I b b b S b b b S b b b b S S b b S S b b S S S I R kb b S S b b b b b b b S S b b S Sk I R Ik R b I

PART 1  GENERAL

ER I S b b I b b b S b b b S b b b b S S b b S S b b S S b S R Rk b S S b b b b b b S b b b b b S SRR

NOTE: See Additional Note A

ER I S b b b b b S b b b S b b b S S S b b S S b b S S b S R Rk b S S b b b b b b S S b b b kb Rk I

1.1 SUWMARY (Not Applicable)

ER I S b b S b b b S b b b S b b b b S S b b S S b b S S R I R Sk b b S S b b S b b b S b b S R kb b S I b b

NOTE: Paragraph “1.1 SUMVARY (Not Applicable)"” is required
in all CEGS in order to make CEGS conpatible wth
gui de specifications of other agencies within the SPECSI NTACT
system However, this paragraph is not to be included in
Corps of Engineers project specifications.

ER I S b b b b b S b b b S S b b b S S b b S i b b S S b R Rk b S b b b b b b b S S b b b b b b S I R

1.2 REFERENCES

ER I S b b I b b b S b b b S b b b b S S b b S b b S S b I R Sk b b S S b b b b b b S S b b S S R R R Ik I b

NOTE: | ssue (date) of references included in project
specifications need not be nore current than provided by the
| atest change (Notice) to this guide specification.

ER I S b b b b b S b b b S b b b b S b b S b b b S S b R Rk b S S b b b b b b b S S b b R R R S I b b S

The publications I|isted below form a part of this
specification to the extent referenced. The publications are

Encl osure 2
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CEGS- OXXXX
(Aug 90)

referred to in the

text by basic designation only.

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

\-ASTM C 29-\

\ - ASTM C 88-\

\-ASTM C 117-\

\-ASTM C 131-\

\-ASTM C 136-\

\-ASTM D 75-\
\ - ASTM D 1556-\

\-ASTM D 2922-\

\-ASTM D 3017-\

\ - ASTM E 548-\

\-CCE CRD-C 119-\

(1987) Unit weight and Voids in
Aggr egat e

(1983) Soundness of Aggregates by
Use of Sodium Sulfate or Magnesi um
Sul fate

(1987) WMaterials Finer Than 75-um
( No. 200) Si eve in M ner al
Aggr egat es by washi ng

(1981, R 1987) Resi stance to
Degradation of Small-Size Coarse
Aggregate by Abrasion and Inpact in
t he Los Angel es Machi ne

(1984; Rev. A) Sieve Analysis of
Fi ne and Coarse Aggregates

(1987) Sanpling Aggregates

(1982) Density of Soil In-Place by
t he Sand- Cone Met hod

(1981) Density of Soi | and
Soi | - Aggregate In-Place by Nuclear
Met hods (Shal | ow Dept h)

(1978) Moisture Content of Soil and
Soi | - Aggr egat e I n- Pl ace by
Nucl ear Met hods (Shal | ow Dept h)

(1984) Preparation of Criteria for
Use 1n the Evaluation of Testing
Laboratories and | nspecti on Bodi es

\ - CORPS OF ENG NEERS (COE) -\

\(1953: Rev Jun 1963) Flat and
El ongat ed Particles in Coar se
Aggr egat es\

1.3 MEASUREMENT AND PAYMENT
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CEGS- OXXXX
(Aug 90)

R R b Sk S b b b b b S b b b S b S S Rk bk b S b S b S b b S b b S b S R R S b b b S

NOTE: This paragraph shall be deleted when the work is
covered by a |unp-sumcontract price.

R R I b Sk S b S b S b b S b b b S b S Rk bk b S b S b b Rk bk S b b b S b S b b b

1.3.1 Waybills and Delivery Tickets

Copies of waybills and delivery tickets shall be submtted
during the progress of the work. Before the final statenent
is allowed, the Contractor shall file certified waybills and
certified delivery tickets for all aggregates actually used.

1.3.2 Measur enment

[ The quantity of [drainage |ayer course][and open graded choke
stone] material conpleted and accepted will be neasured in
square yards.) [ The quantity of drainage |ayer material [ and
open graded choke stone material] conpleted and accepted wll
be neasured in cubic yards. The vol une of drainage |ayer
material in place and accepted will be determned by the
average job thickness obtained in accordance w th paragraph
“THI CKNESS CONTRCL” and the dinensions indicated.) [The
tonnage of drainage |ayer material (and open graded choke stone

material] used for wll be the nunber of 2000-pound tons of
aggregate, determned by the Contracting O ficer, placed and
accept ed. Deductions will be 'Lade for any material wasted,

unused, rejected, or wused for the <convenience of the
Contractor.)

1.3.3 Paynment
1.3.3.1 Quantity of Drainage Layer Materi al

Quantity of drainage |ayer material as specified above will be
paid for at the contract unit price for [drainage |ayer
mat eri al ) [ and open graded choke stone), which will constitute
full conpensation for the construction and conpletion of the
drai nage |layer, including the furnishing of all other
necessary | abor and incidentals.

1.4 SUBM TTALS
R R I b Sk S bk S b S b b S b b b S b S Rk bk b S b I R SR bk b Sk S b b b S b S b b b i b

NOTE: Submittals nmust be limted to those necessary for
adequate qual ity assurance. The inportance of an itemin the
proj ect should be one of the primary factors in determning if
a submttal for the item should be required.

I ndi cate submttal classification in the blank space using
"GA" when the submttal requires Governnent approval or "FI O
when the submttal is for information only.
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CEGS- OXXXX
(Aug 90)

R R b Sk S b b b b b S b b b S b S S Rk bk b S b S b S b b S b b S b S R R S b b b S

Governnment approval is required for submttals with a "GA"
designation; submittals having an “FI O designation are fo

r
information only. The following shall be submtted in
accordance wth Section \=01300=\" SUBM TTALS:

\*SD- 09, reports*\

Certified test results.
Report of test section construction.
Results of field tests.

1.5 COVPACTI ON

Fi el d conpaction requirenents shall be based on the results of
a test section constructed by the Contractor, using the
materials, nethods, and equi pnment proposed for use in the
work. The test section shall be in accordance w th paragraph
"TEST SECTION'. The test section shall be used to establish
t he nunber of passes of a roller, the target field dry density
and the noisture content required for full scale production.
Field density tests shall be taken to assure that the dry
density is at |east 100 percent of the target dry density.

1.6 EQU PVENT

R R b Sk S bk S b S b b S b b b S b b S b R Ik kb S b S b b b S bk S R b b S b b S b b S

NOTE: | f desirable, requirenents for specific types of
equi prrent applicable to nethods of construction based on | ocal
conditions will be included.

R R I b Sk S b b b S b b S b b b S b S Rk b b A S b Sk R b bk S b b b I b S b b S

Al plant, equipnent, and tools used in the performance of the
work will be subject to approval before the work is started
and shall be maintained in satisfactory working condition at
all tines. The equi pnment shall be adequate to neet grade
control, t hi ckness control, snoot hness and conpaction
requirenents as set forth herein. An asphalt paving machi ne
shall be used to place the drainage | ayer [and choke stone].
A hopper type base course spreader box may be used if it can
be denonstrated that the spreader box can be operated to
obtain the specified results. Conpaction shall be acconpli shed
by using a 10 to 15 ton dual or single snooth drumvibratory
roller.

1.7 Wather Limtation
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Drai nage | ayer material shall be placed when the atnospheric

tenperature is above 35 degrees F. Areas of conpleted

drai nage |layer that are danmaged by freezing, rainfall, or

ot her weat her conditions or by contam nation from sedi nents,

dust, dirt, or foreign material shall be corrected to

meet specified requirenents.

1.8 SAMPLI NG AND TESTI NG

Sanpling and testing shall be the responsibility of
the Contractor. Sanpling and testing shall be perfornmed by
an approved comercial testing |aboratory, or by the
Contractor subject to approval. If the Contractor elects to

establish testing facilities of his own, approval of such
facilities shall be based on conpliance with \-ASTM E 548-\,
and no work requiring testing will be permtted until the
Contractor's facilities have been inspected and approved.
The first inspection of the facilities shall be at t he
expense of the Government and any subsequent inspections
requi red because of failure of the first inspection will be at
t he expense of the Contractor. Such costs wll be deducted
fromthe total anount due the Contractor. The materials shal
be tested to establish conpliance wth the specified
requirenents. Copi es of test results shall be furnished to
the Contracting O ficer.

1.8.1 Sanples

Sanmples for testing shall be taken in confornmance with \-ASTM
D 75-\. Wen deened necessary, the sanpling will be observed
by the Contracting Oficer.

1.8.2 Tests

The follow ng tests shall be perforned in conformance with the
appl i cabl e standards |i sted.

1.8.2.1 \+Sieve Anal yses+\

Si eve analyses shall be made in conformance with \-ASTM C

117-\ and \-ASTM C 136-\.

1.8.2.2 \+Density Tests+\
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Density shall be measured in the field in accordance with \-
ASTM D 1556-\ \-ASTM D 2922-\. For the nethod presented in \-
ASTM D 1556-\ the base plate as shown in the draw ng shall be
used. For the nmethod presented in \-ASTM D 2922-\ the
calibration curves shall be checked and adjusted if necessary
using only the sand cone nethod as described in paragraph
“Calibration” of the ASTM publication. Tests perfornmed in
accordance wth \-ASTM D 2922-\ results in a wet unit weight
of soil and when using this nethod, \-ASTM D 3017-\ shall be
used to determne the noisture content of the soil. The
calibration curves furnished with the noisture gauges shal
al so be checked along with density calibration checks as
described in \-ASTM D 3017-\. The calibration checks of both
the density and noi sture gauges shall be nmade by the prepared
containers of material nethod, as described in paragraph
"Calibration" of \-ASTM D 2922-\, on each different type of
material being tested at the beginning of a job and at
interval s as directed.

1.8.2.3 \ +Soundness Test +\

Soundness tests shall be nade in confornmance with \-ASTM C 88-
\.

1.8.2.4 \+Los Angel es Abrasion Test +\

Los Angel es abrasion tests shall be nade in conformance with
\-ASTM C 131-\.

1.8.2.5 \+Fl at or Elongated Particles Tests+\

Fl at and/or elongated particles tests shall be performed in
accordance with \-CRD-C 119-\.

1.8.2.6 \-Fractured Faces Tests-\

When aggregates are supplied from crushed gravel, the
aggregate shall neet the requirenents for fractured faces in
par agr aph " AGGREGATES".

R I b b b b b b b b b b R S b b b b b b b I b b R R I S b kS S S kb S b b I
NOTE: Field density tests and | aboratory tests are generally
performed at a frequency of one set of tests for every 1000
square yards of conmpleted area. Qher frequency intervals may
be specified when conditions warrant. It is inportant that
both field density tests and | aboratory tests be conducted on
the sane materials

R R I b Sk S b S b S b b S b S b b S b S S R bk b S b S b R b bk S b b b I b S I Rk

1.8.3 Testing Frequency
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Si eve anal yses and field density tests shall be perforned at
a rate of at least 1 test for every (1000] square yards of
conpleted area and not less than 1 test for each
days production. Soundness tests, Los Angeles abrasion
tests, fractured faces tests and flat and/or elongated
particles tests shall be perforned at the rate of 1 test for
every [10] density tests.

1.8.4 Approval of Material

The source of the material to be used for producing aggregates

shal | be selected [ ) days prior to the tine the materi al
will be required in the test section. Approval of both the
source and the material wll be based on test section

performance and tests for gradation, soundness, Los Angeles
abrasion flat and/or elongated particles tests and fractured
faces tests perfornmed on sanples taken fromthe conpl eted and
conpact ed drai nage | ayer course.

PART 2 PRODUCTS
2.1 AGGREGATES

Aggregates shall consist of clean, sound, hard durable
particles of crushed stone, crushed slag, or crushed gravel.
The Contractor shall obtain materials that neet the
specification and can be used to neet the grade and snoot hness
requi rements specified herein, after all conpaction (and
proof-rol ling] operations have been conpleted. Slag shall be
an air-cool ed, blast-furnace product having a dry weight of
not |less than 65 pcf as determned by \-ASTM C 29-\. The
aggregates shall be free of silt and clay as defined by \-
ASTM D 2487-\, vegetable matter, and other objectionable
mat eri als or coatings.

2.1.1 Qality

R R I b Sk S b b b S b b S b b b S b S Rk bk A S bk S I R bk b Ak S b b b S b b S b e b b S b

NOTE: The percentages of |oss and soundness applicable to the
specific job will be specified. A loss value of 40 wll be
used except that a value up to 50 percent may be used where
| ocal experience indicates that the material is satisfactory.
The soundness test is for use in excluding aggregates known to
be wunsatisfactory and for evaluating aggregates from new
sources. The Designer wll insert in the blank space the
applicable loss in percent for the specific job based on the
knowl edge of both coarse and fine aggregates in the area that
have been previously approved and have a satisfactory service
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record for at least 5 years. The values in contract
specifications will insure that aggregates from new sources
wll be equal to or better than aggregates from known or
approved sources. The percent of fractured faces may be

reduced to 75%if the required CBR is 50 or |ess.

R R I b Sk S b b b S b b S b S b b S b S R I b Ak S b Sk R bk bk S bk b b S b S b I i

Aggregates shall be angular particles of uniformdensity. The

aggregate shall have a loss not greater than [ ) percent
wei ghted averaged at five cycles when tested for soundness in
magnesi um sulfate in accordance with \-ASTM C 88-\. The

aggregate shall have a percentage of |oss on abrasion not to
exceed [ ] after 500 revolutions as determ ned by \-ASTM
C 131-\. The percentage of flat and/or el ongated particles
as determned by \-CRD-C 119-\ shall not exceed 20 in the
fraction retained on the %%inch sieve, in the fraction
passing the %inch sieve but retained on the #4 sieve and in
t he percent passing the #4 sieve but retained on the #16
Si eve. A flat particle is one having a ratio of width to
t hi ckness greater than 3: an elongated particle is one having
aratio of length to width greater than 3. Wen the aggregate
is supplied fromnore than one source, aggregate from each
source shall neet the requirenments set forth herein. Wen the
aggregate is supplied from crushed gravel it shal | be
manufactured from gravel particles 90 percent of which by
wei ght are retained on the maxi num size sieve listed in TABLE
l. In the portion retained on each sieve specified, the
crushed gravel shall contain at |east 90 percent by weight of
crushed pieces having two or nore freshly fractured faces
with the area of each face being at | east equal to 75 percent
of the smallest mdsectional area of the face. Wen two
fractures are contiguous, the angle between planes of the
fractures nust be at |east 30 degrees in order to count as two
fractured faces.

2.1.2 Gadation Requirenents
R I b b b b b b b b b S b R I R I S kb b b b b b S b b b Sk S S kb b b b S b b kI

NOTE: The gradation or gradations applicable to the specific
job will be specified. The designer shall select gradation A
or B depending on the required perneability. Bot h gradati ons
shoul d not be in the contract docunents. G adation A should
provide a perneability greater than 1000 feet per day.
G adation B should provide a perneability of greater than 5000
feet per day. Gadation Ais well graded enough to be stable
to work on, however gradation B will require the choke stone
to lock the surface together to provide a stable working
platform |f experience wth aggregates in the project area
I ndi cates that they break down during conpaction, then the
designer should consider wusing the cenment or asphalt
stabilized drai nage | ayer.
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When editing the specification, take the A or B designation
off the gradation, unless both gradations are used. The
maxi mum si ze of aggregates w1l be specified in the blank

space. The gradation for the open graded choke stone matches
ASTM gr adati on No. 8.
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Gradation requirements specified herein shall apply to the
conpl eted drai nage | ayer course. The aggregates shall have a
maxi mum size of [ ) inch(e’s) and be well graded within
the limts specified in TABLE I.

TABLE |. GRADATI ON OF DRAI NAGE LAYER NMATERI AL
(See Notes 1-3)

Per cent age by Wi ght Passing Square- Mesh Si eve

Sieve Drainage Layer Drainage Layer Open Graded
Designation Gradation(A] Gradation[B] Choke Stone
1-1/2 inch 100 100 100

1l inch 70-100 95-100 100
3/4 inch 55-100 -— 100
1/2 inch 40-80 25-80 100
3/8 inch 30~65 —— 80-100
No. 4 10-50 0-10 10-100
No. 8 0-25 0-2 0~40
No. 16 0-5 - 0-10

NOTE 1: Particles having dianeters less than 0.02 mm shall
not be in excess of 1.5 percent by weight of the total sanple
t est ed.

NOTE 2: The values are based on aggregates of uniform
specific gravity, and the percentages passing the various
sieves may require appropriate correction by the Contracting
Cffgcer when aggregates of varying specific gravities are
used.
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Select the first Note 3 if gradation Ais used and select the
second Note 3 if gradation B is used.
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[ NOTE 3: For the specified gradation the coefficient of
uniformty (CU) shall be greater than 3.5 (CU = Dy/ Dy) . |

[ NOTE 3: Choke stone will be required to stabilize the top
surface of the drainage |ayer material. The choke stone shall
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be a small size stone nmade up of hard, durable crushed
aggregate having 90 percent of the stone with fractured faces.
The gradation for the choke stone shall be based on the
gradation of the material submtted for use as drai nage | ayer
material, using the following criteria:

1. The ratio of the Dy of the drainage |layer materi al
to the D of the choke stone nust be | ess than 5.

2. The ratio of the Dy, of the drainage |ayer materi al
to the Dy, of the choke stone nust be greater than 2.]

PART 3 EXECUTI ON
3.1 OPERATI ON OF AGGREGATE SOURCES

Cl eari ng, stri ppi ng, and excavati ng shal | be t he
responsibility of the Contractor. The aggregate sources shall
be operated in such a manner as to produce the quantity and
qual ity of drai nage | ayer material s nmeeti ng t hese

specification requirenents in the specified tinme limts.
Upon conpl etion of the work, the aggregate sources on private
| ands shall be conditioned in agreenent with local |aws or
authorities.

3.2 STOCKPI LI NG MATERI AL

Prior to stockpiling of material, storage sites shall be
cleared and | evel ed by the Contractor. Al materials, shall
be stockpiled in a manner so as to prevent segregation and at
the locations designated by the Contracting Oficer
Materials obtained fromdifferent sources shall be stockpiled
separately.

3.3 TEST SECTI ON
3.3.1 Ceneral

The test section shall be used to evaluate the trafficability
and constructibility of the drainage |layer material as well as
to determne the required mxing, placenent, and conpaction
procedures. Test section data shall be used to determ ne the
requi red nunber of passes, the optimum noi sture content, the
target dry density and the need for a final static pass of the
roller (without vibration) to snooth the drainage |ayer
surface.

3.3.2 Scheduling

The test section shall be constructed a m ni num of [30) days
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prior to the start of paving operations to provide sufficient
time for an evaluation of the proposed materials, equipnent
and procedures including Government QA testing.

3.3.3 Location and Size

The test strip shall be placed outside the production paving
areas in an area with simlar subgrade conditions approved by
the Contracting O ficer. The underlying courses and subgrade
preparation, required for the pavenent section, shal
be conpl eted, inspected and approved in the test section prior
to placing the drainage layer. The test section shall be a
m ni mum of (100) feet long and one full paving | ane w de.

3.3.4 Initial Testing

Certified test results, to verify the materials proposed for
use in the test section neet the contract requirements in
par agr aph "AGGREGATES', shall be provided by the contractor
at his expense, and approved by the Contracting O ficer prior
to the start of the test strinp.

3.3.5 Mxing and Pl acenent

M xi ng of aggregate blends shall be perforned by a centra
pugml|l type mxer and delivered to the site. Placenent shal
be acconplished by using an asphalt paving nmachi ne neeting the
requi renents in paragraph "EQU PMENT".

3.3.6 Conpaction

Conmpaction shall be acconplished by using a vibratory roller
nmeeting the requirenents of paragraph “EQU PMENT" and
operating at a maximumrolling speed of 1.5 mles per hour.

3.3.7 Procedure

The test section shall be divided into three subsections of
different aggregate water contents to help establish a
correl ati on between aggregate water content, the nunber of
roller passes, and the target dry density to be achieved in
the field. Density and noisture content tests shall be
conducted at the surface and at intervals of 2 inches of depth
down for the total |ayer thickness, using calibrated nucl ear
density gauges. A sieve analysis test shall be conducted on a
conposite sanple, taken adjacent to the density test
| ocations, which represents the total |ayer thickness. One
set of tests shall be taken before conpaction and after each
subsequent conpaction pass in each subsection. Conpacti on
passes and density readings shall continue wuntil the
di fference between the average dry densities of any two
consecutive passes is less than or equal to 0.5 pcf.

11
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The test section shall be conpleted by making one final pass
with the roller in the static node and observing the change in
t he drai nage | ayer surface texture.

\+3.3.8 Eval uati on+\

Wthin 10 days of conpletion of the test:section, the
contractor shall submt to the contracting officer the Test
Section Construction Report conplete with all of the data from
the required testing. The contracting officer shall evaluate
the data and provide to the contractor the required nunber of
passes of the roller, the target dry density and noisture
content for field density testing during construction, the
depth at which to check the noisture and density, and the need
for a static pass of the roller.
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The evaluation of the data from the test section shall be
acconplished by the district designer. The evaluation should
be based on trying to achi eve maxi num density in the drai nage
| ayer w thout excessive crushing of the aggregates during
conpaction. The harder and nore durable the aggregate the nore
conpaction effort it can wthstand. To evaluate the test fill
data it is suggested that the in-place density and percent
passing the No. 4 and No. 16 sieve sizes should be plotted
agai nst cunul ati ve passes. Wth these results the designer
should try to optimze dry density while m nimzing aggregate
degr adati on. CGenerally after between 3 and 6 passes, only
slight increases in dry density will be achieved (0.5 pcf).
At this point the neasured field density is at or near the
maxi mum density obtainable for this material, for the given
field conditions. The target dry density should then be set
slightly lower than this maximum field dry density. At is
suggested that the target dry density be set at 98 percent of
the maxi numdensity obtained in the test section. The data on
t he percent passing should be | ooked at closely to determ ne

if degradation of the aggregate 1is occurring. If the
percent passing the given sieve sizes is increasing, then the
aggregate is being broken down by the conpaction effort. |If

this is occurring, selection of a target field density will be
nore difficult. The target field density selected will have
to be bal anced between aggregate degradation, dry density and
stability of the drainage |ayer surface. Stability of the
| ayer surface should take precedence.
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3.4 PREPARATI ON OF UNDERLYI NG COURSE
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NOTE: Only the reference to the specification section that
covers the preparation of underlying course for the particul ar
project wll be retained; other references will be del eted.
The surface of a cohesionless underlying courses may require
stabilization prior to placenent of the drainage | ayer course.
This may be acconplished by conpacting a |layer of crushed
aggregate into the surface. It nmay also be obtained by
nmet hods based on | ocal experience. These nethods (e.g., use
of cenent, Ilinme, bitunen, and chemcals), as well as any
stabilization of cohesive materials, wll be subject to
approval by HQUSACE (CEMP-ET). The additional crushed
aggregate will be considered as part of the underlying course
and may be paid for or included in the specification section
that covers the preparation of that particular course for the
particul ar project.
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Prior to constructing the drainage |ayer, the underlying
course shall be cleaned of all foreign substances. Dur i ng
construction the underlying course shall contain no frozen
mat eri al . The underlying course shall conform to [Section
\ =02230=\ EXCAVATI ON, EMBANKMENT, AND PREPARATI ON OF SUBGRADE
FOR RAI LROADS AND RQOADWAYS] [ Section \-02234-\ SUBBASE COURSE]
[ Section \-02232-\ SELECT- MATERI AL SUBBASE COURSE]. Ruts or
soft, yielding spots in the underlying courses, areas having
i nadequat e conpaction, and devi ations of the surface fromthe
requirements set forth herein shall be corrected by |oosening
and renoving soft or unsatisfactory laterial and by adding
approved nmaterial, reshaping to line and grade, and
reconpacting to specified density requirenents. The
finished underlying course shall not be disturbed by traffic
or other operations and shall be maintained by the Contractor
ir a(jsatisfactory condition until the drainage |ayer is
pl aced.

3.5 GRADE CONTROL

During construction, the |ines and grades including crown and
cross slope indicated for the drainage | ayer course shall be
mai nt ai ned by neans of |ine and grade stakes placed by the
Contractor.

3.6 M XING AND PLACI NG

The drai nage | ayer material shall be placed on the underlying
course in lifts of uniformthickness with an asphalt paving
machi ne or an approved hopper type base course spreader box.
When a conpacted layer 6 inches or less in thickness is
required, the material shall be placed in a single lift. Wen
a conpacted layer in excess of 6 inches is required, the
material shall be placed in lifts of equal thickness. No lift
shall exceed 6 1nches or be less than 3 inches when

13
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conpacted. The lifts shall be so placed that when conpacted
they will be true to the grades or | evels required with the
| east possible surface disturbance. Were the drainage |ayer
is placed in nore than one |ift, the previously constructed

lift shall be cleaned of |oose and foreign matter. Such
adj ustnments in placing procedures or equipnent shall be nade
to obtain true grades, to mnimze segregation and

degradation, to adjust the water content, and to insure an
accept abl e drai nage | ayer.

3.7 COVPACTI ON

3.7.1 Requirenents
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NOTE: Cohesionless materials are generally free-draining, and
t he hi ghest practicable water content is limted by the anount
of water the material will retain, as is usually evidenced by
free water draining from the nold during conpaction. The
words in brackets wll be included only if the drainage |ayer
material is used for shoul ders.
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Conpaction shall be acconplished by using a 10 to 15 ton dual

or single snooth drumvibratory roller operating at a maxi num
rolling speed of 1.5 mles per hour. Each lift of drainage
material [including shoulders] shall be conpacted with the
nunber of passes of the roller as determned by the test
secti on. A field dry density of at |east 100 percent of
target field dry density determined fromthe test section is
required. If the required field dry density is not obtained,

the nunber of roller passes shall be adjusted in accordance
with paragraph DEFI Cl ENCI ES. Water content shall be
mai nt ai ned during the conpaction procedure such that the water
Content will be within plus or mnus 2 percent of the optinmm
wat er content determned by the test section. In all places
not accessible to the rollers, the drainage |ayer materia

shall be conpacted with nechani cal hand operated tanpers.

3.8 Finishing
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Sel ect the appropriate paragraph or paragraphs bel ow The
first paragraph is to be used if Gadation A is used. The
firgt and second paragraphs are to be used if Gadation Bis
used.
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3.8.1 Finishing Drainage Layer Material. The top surface of
t he drai nage | ayer shall be finished after final conpaction as
determned fromthe test section. Adjustments in rolling and
finishing procedures shall be nade to obtain grades, to
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m nimze segregation and degradation of the drainage |ayer
material, to adjust the water content, and to insure an
accept abl e drai nage | ayer.

[3.8.2 Choke Stone Pl acenent. After final conpaction, the
surface of the drainage |ayer material shall be stabilized by
a thin layer of choke stone. The layer thickness shall not be
greater than % inch and shall be spread using a paver or
spreader box. The choke stone shall beworked into the surface
of the drainage |ayer material by the use of a vibratory
roller and by wetting. The choke stone shall be considered as
part of drainage |ayer thickness, and shall not be neasured
separately. 3

3.9 PROOF ROLLI NG
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NOTE: Drainage layer material will not require proof rolling.
For airfield pavenents, proof rolling will be required on base
or subbase course | ayers above and bel ow t he drai nage | ayer.
That proof rolling should be covered in the appropriate
specification section.
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Proof rolling of the drainage |ayer shall not be required.
3.10 EDGES OF DRAI NAGE LAYER

Material shall be placed al ong the edges of the drai nage | ayer
in such quantity as will conpact to the thickness of the |ayer
bei ng constructed. When the drainage material |ayer is being
constructed in two or nore lifts, at least a 1-foot w dth of
t he shoul der shall be rolled and conpacted sinultaneously
with the rolling and conpacting of each lift of the drainage
mat eri al course.

3.11 \+SMOOTHNESS TEST+\
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NOTE: A 12-foot straightedge with the deviati ons unchanged
may be specified instead of a 10-foot straightedge.
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The surface of the top layer shall not deviate nore than 3/8
inch when tested with a 10-foot strai ghtedge applied parallel

with and at right angles to the centerline of the area to be
paved. Devi ati ons exceeding 3/8 inch shall be corrected in
accordance w th paragraph DEFI Cl ENCl ES.

15
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3.12 THI CKNESS CONTROL

The conpl eted thickness of the drainage | ayer course shall be
within 1/2 inch of the thickness indicated. The thickness of
the drainage |ayer course shal |l be neasured at intervals
providing at | east one neasurenent for each 500 square yards
of drainage layer. The depth neasurenent shall be nade by
test holes at least 3 inches in dianeter. Wiere t he neasured
t hi ckness of the drainage layer is nore than “2inch deficient,
such areas shall be corrected in accordance w th paragraph
DEFI Cl ENCI ES. Were the neasured thickness of the drai nage
layer is 1/2 inch nore than indicated, it will be considered
as conformng with the requirenents plus % inch, provided the
surface of the drainage layer is within %% inch of established
grade. The average job thickness shall be the average of all
j ob neasurenents as specified above but within Yinch of the
t hi ckness shown on the draw ngs.

3.13 DEFI Cl ENCI ES
3.13.1 Grade, and Thi ckness

Deficiencies in grade and thickness shall be corrected such
that both grade and thickness tol erances are net. In no case
wll thin layers of material be added to the top surface of
the drai nage | ayer to neet grade or increase thickness. | f
the elevation of the top of the drainage |layer is nore than %
i nch above the plan grade it shall be trimmed to grade and
finished in accordance wth paragraph FIN SH NG If the
el evation of the top surface of the drainage |ayer is % inch
or nore below the required grade, the surface of the drai nage
| ayer shall be scarified to a depth of at |east 3 inches, new
material shall be added, and the |ayer shall be bl ended and
reconpacted to bring it to grade. Were the neasured
t hi ckness of the drainage |ayer is nore than Y2 deficient, such
areas shall be corrected by excavating to the required depth
and replacing with new material with a m ni num conpacted |ift
thickness of at least 3 inches. The depth of required
excavation shall be controlled to keep the final surface
el evation within grade requirenents and to preserve |ayer
t hi cknesses of materials bel ow the drai nage | ayer.

3.13.2 Density

Density shall be considered deficient if the field dry density
test results are bel ow 100 percent of the target dry density.
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If the densities are deficient, then the |ayer shall be rolled
with 2 additional passes of the specified roller. |If the dry
density is still deficient, then work will be stopped unti

the cause of the low dry densities can be determ ned by the
Contracting Oficer.

3.13.3 Snoot hness
Deficiencies in snoothness shall be corrected as if they are
deficiencies in grade or thickness. All tolerances for grade

and t hi ckness nust be naintained while correcting snoot hness
defi ci enci es.

3.14 MAI NTENANCE

The drainage |layer shall be maintained in a condition that
wll nmeet all specification requirenents until accepted.
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ADDI TI ONAL NOTES

NOTE A: For additional information on the use of all CEGS,
see CEGS-0100\ 00 CEGS GENERAL NOTES.
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-- End of Section --
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